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MLF in J-PARC
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Operational history of MLF
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Earthquake

Accident at 
Hadron Facility

532 kW

as of September 30. 2015

〜560 kW

593 kW

～1 month interruption 
due to the fire in MLF

Interruption due to a 
trouble of Hg-target

500 kW

300 kW 300 kW
400 kW

Hg-target 
replacement

Hg-target 
replacement

1 MW test

• 0.5 MW present with 
high availability of 
92%

• 1 MW for 1 hour will 
demo July 2018



Targets placed at MLF
Muon target
 Carbon graphite (IG430)
 8% beam lost(80 kW loss)
 Highest intensity in the world

Neutron target
 Mercury
 Highest pulse intensity in the world

QNQ2 QM1
Q26100MIC

QM2
Q26100MIC

QN1
Q26100MIC

QN2
Q26100MIC

QN3
Q26100MIC

QN4
Q26100MIC

Y22
S2650
MIC

M22X22
S2650
MIC

Y23
S2650
MIC

M23X23
S2650
MIC

LQ30120

314000
B.W

 Muon Target

QM1
Q26100MIC

QM2
Q26100MIC

proton beam window

neutron target

QM3
Q26100MIC

QM4
Q26100MIC

QM5
Q26100MIC

QM6
Q26100MIC

Y22
S2650
MIC

M22X22
S2650
MIC

Y23
S2650
MIC

M23
X23
S2650
MIC

muon target collimators

16
00

ベースプレート
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Diam. 30 cm

Rotating target
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ADS proposed by JAEA
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~ 30 MW

Many instruments will be deployed 
for safety.



Transmutation Experimental Facility (TEF)
in J-PARC
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Result of beam separation test with 
Laser and 3-MeV H- beam



Proton Beam Window
Boundary between accelerator and target station
Lifetime estimation based on Post Irradiation Examination (PIE)
for safety shroud (aluminum alloy, AlMG3) at SINQ in PSI
To predict lifetime of the PBW, high accuracy of calculation code 
is required.

Result at SINQ/PSI for 0.6GeV
Y. Dai, et al, J. Nucl Mat. 343 184 (2005)
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Height: 3.8m
Weight：10t



Beam profile and halo monitors

Monitors at PBW Imaging Plate(IP) MWPM

Hot cell

IP

Target

MWPM

Halo monitor
・SEC
・ TC

 Profile monitor and halo monitor (online monitor)
 Multi Wire Profile Monitors (MWPMs) : SiC wires (15 sets)
 Stationary MWPM at proton beam window (PBW), separation between

vacuum and helium, placed at 1.8 m upstream of the mercury target
 2D profile： Image of residual dose read out by imaging plate (IP)

IP attached to target by remote handling after beam irradiation

TC



Beam profile at mercury target
2-D measurement by IP

MWPM result fitted by Gaussian
• Width and position for each pulse obtained
• Good agreement width result by IP
• Deployed Machine Protection System

-100 -50 0 50 1000

100

200
 1st IP

Horizontal (mm)

Fit result
    Peak 1.35mm
    Sigma 23.8mm

Profile result by the IP
• Fitted by two Gaussian

Convolution primary protons 
and secondary particles

0.1 MW (2009 Dec) 0.2 MW (2010 Dec)

Only 6 days cooling after 
irradiation of 0.2 MW 
beam, the image was
obtained.
⇒ Possible for 1MW with 

certain cooling time

MWPM at PBW



Proton beam at the target
Cavitation damage is critical for
high power beam with short pulse
 Proportional to 4th power of the 

peak current density at target
 Beam energy per shot at MLF is 

~2 times of SNS.
 Raster scanning is useless to 

mitigate damage.
Although helium bubble injection 
to mercury mitigates the damage, 
peak reduction is essential.
Required development of beam
flattening system to mitigate peak 
density.

Pin holes at 
target of SNS
(by B. Riemer)

Target vessel

Here

Damage at
JSNS target

5 cm

FWHM ~150ns

600ns 
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Inspection of mercury target failure

Water drop
Flaw found at the 
drop location

 Observation of target 
surface by a camera

 Pressurizing  water 
shroud with gas

(0.16 MPaG)
 A water drop found 

on the lower surface 
of the target

Target

Flow direction 
of coolant water

• Welding of shroud makes water leaks twice.
• The present target welding was inspected by X-ray before installation.
• To avoid damage welding, beam should be focused.
• For achievement contradict requirement, beam shaping with nonlinear is important.



Beam shaping system with nonlinear focusing

Principle: Beam edge folded by non-linear optics
Octupole magnet: 800 T/m3Non-linearLinear

Phase space
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3rd order field beam folds to center.



Beam tuning tool with SAD code

Fitted parameter OCT tuning

Fit by observed width and extrapolate to target

Extrapolate

Muon 
target

PBW

Fit region

Beam profile can be estimated by tracking

T=R-1M

oct1,2



Obtained beam profile
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OCT 0A OCT 698A
OCT 698A
with muon target

• Flat beam was obtained and lower intensity at edge was observed
• Good agreement of calculation even for with muon target
• Peak intensity (6 μA/cm2) decreased by 30~40 % than that of linear optics.

Dot: Exp.
Line: Calc.



Nonlinear optics tuning
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𝐾∗଼ ≡ 9𝜋𝐾଼𝜀ఙ 𝛽ଵଶ 16⁄

K8

To generalize, the following normalized 
strength is introduced.

• Flatness RMS within ±(εβ)0.5

(i.e. ±1σ for linear optics)

• For mitigation beam loss, lower K8 is 
employed.

• Around tan φ~0 beam loss enhanced.
• Both raster scan and nonlinear will 

be preferable for ADS to minimize 
damage window.

εσ



Layer short circuit at a quad mag
4 AM on May 27 2018, beam position 
distorted about 20 mm at the target.
Soon, the halo monitor stopped the 
beam by the Machine Protection 
System (MPS).
We found out the reason of distortion 
cause by layer short of a quadrupole 
magnet.
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77 V

71 V

5/27 4:09
QC12

Diagnostics beam
Hori., Vert.： Normal
Hori., Vert.： Anomaly

Width

Horizontal orbit

Vertical orbit

1.7 mrad

• BM at MR had 
layer short
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Low temp

Low temp
Normal 
temp

ThermoView observation of QC12



Optics recovery layer short

Normal
- Hori
- Vert

Changed after layer short
- Hori
- Vert

• Even though having a 
back up coil, 7 days 
break to fix up.

• It was decided to not 
use QC12.

• Due to good quality of 
the beam, beam can be 
delivered with no 
significant loss.

• Linear optics applied 
because of difficulty of 
nonlinear optics

Beam profile without QC12

Drastically changed without QC12



Lesson and learn
Failure comes when we forget.
 Eventually, a tiny failure such as 

layer short drastically improves the 
safety.

We should improve redundancy 
against beam anomaly.
 Beam position distortion
 Many thermocouples implemented to 

MPS

 Anomaly for beam density
 Existing only one system of beam profile 

and preferable increase redundancy
 Thermocouple will be installed at center 

of target or will be installed additional 
profile monitor. 21

Thermocouples

Gold target

Hadron target

• When TC failed, the beam 
operation to MLF is thought 
to be stopped for long time.

• To understand robustness of 
TC, it is better to place TC at 
the center of mercury target 
in MLF, which also plays 
anomaly beam detector.



Development new profile monitor

PBW

Target

Camera

A new profile monitor required to 
continuously observe 2D profile 
withstanding high power beam

Fujikura Fiber

0 Gy 1 MGy 2 MGy

• Rad hard fiber scope (Fujikura FIGR-20, 
2x104 pixels) coupled with near-IR filter

• Suitable for ADS

650 ℃ 980 ℃ 1300 °C

Heater test



2D profile monitor
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AF995R

DRZ-High

• Irradiation with Ar beam to perform efficiently
• Degradation light yield found at peak ~0.7 μm

Al2O3 + Cr 0.5%

Al2O3 paint with low impurity: No degradation in short wavelength



Second target station for neutron and muon
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1st target ST (TS-1): 24 Hz: 1MW
2nd target ST (TS-2) 1Hz :    42kW (Designed to accept 1 MW)

TS-1

TS-2

P
3GeV 

n
μ

Since smaller target will 
be employed, higher 
current than TS1



Displacement cross-section
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Vacuum 
chamber with 
4-K GM cooler

1 m

Beam

• Displacement per atom (DPA) is an index for 
lifetime estimation materials, however that 
cross-section has not been measured. (Y. 
Iwamoto TUP2WE03)

• Under cryogenic condition, the cross-section 
can be obtained by change of resistivity.

• Data giving the damage information for SC 
accelerators

Resistivity change of sample

Displacement cross-section



Summary
Beam shaping system has been 
developed to mitigate current density on 
the target and can reduce by 30% from 
the linear-optics case.
A tiny failure improves the safety of the 
accelerator drastically.
Research and development for the robust 
beam profile monitor utilized at the ADS 
will continue.
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Thank you
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Question?
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